Background: The purpose of this study was to describe the food and nutrient intake of a population of rural Australian children particularly Indigenous children. Participants were aged 10 to 12 years, and living in areas of relative socio-economic disadvantage on the north coast of New South Wales.
Background
Indigenous peoples internationally suffer greater early mortality rates and poorer health status when compared with non-Indigenous peoples [1] . In Australia this gap is greater than for any other similar country, and particularly so for chronic diseases [1] [2] [3] . Rates of diabetes for Indigenous peoples are at least 3 times that of non-Indigenous Australians [3] , and are especially high for Indigenous youth (6 times higher than for non-Indigenous youth) [4, 5] . Poor nutritional status both in utero and during childhood is recognised as a key risk factor for the development of type 2 diabetes [2] , and improving the diet of children is an acknowledged strategy for reducing the risk of chronic diseases during childhood and in adulthood [6] .
Similar to that of Indigenous populations internationally [7] , dispossession of Australia's Indigenous peoples has contributed to endemic disadvantage [3, 8] and poor nutrition [3, 9] . This is associated with the change of dietary patterns that occurred with European invasion, from consumption of traditional nutrient dense, low energy foods [2] to a dependence on poorer quality food handouts of staples such as white flour, sugar and rice [2] . Since then food intake for Indigenous peoples has been further compounded by many factors [8] including inadequate food access and availability [3, 10] , food insecurity [11] and financial stress [12] , the last identified as a substantial barrier to a healthy diet [13, 14] .
It is acknowledged that good quality health data from Indigenous populations internationally are limited [8] and this is also true for Australia's Indigenous peoples [7, 15] , and for children and youth in particular [15, 16] . Whilst the poorer nutritional status of Indigenous peoples relative to non-Indigenous peoples has been documented [5, 7] , internationally and nationally there are few studies comprehensively examining their food and nutrient intake [7, 17] , and even fewer involving children [2, 7] . This represents a critical gap in the knowledge base required to develop effective health management strategies for this at-risk population [18] .
The purpose of this study is to describe the food and nutrient intake of a population of Australian Indigenous and non-Indigenous rural children aged 10 to 12 years old, and who live in regions of relative social disadvantage, by examining 1) their mean daily intake of microand macro-nutrients and the percent contribution of macronutrients to energy; 2) the proportion of children with mean daily intakes of selected nutrients less than the estimated average requirement (EAR) or greater than the Upper Level (UL) of intake, as appropriate, and 3) the main food groups and sub-groups contributing to energy, fat, saturated fat, sugar, sodium and fibre.
Indigenous communities who participated in this research prefer the term 'Aboriginal and Torres Strait Islander'. This term is used from here on.
Methods

Setting
This descriptive cross-sectional study was undertaken in 3 regional areas on the north coast of the Australian state of New South Wales (NSW) in the summer of late 2005 and early 2006.
Participants
In total, 11 Department of Education and Training ('government') primary schools were selected to participate in this research. These schools were chosen as they had the highest enrolments of Aboriginal and Torres Strait Islander children in their areas. All schools were located in local government areas defined as areas of relative socio-economic disadvantage [19, 20] .
All children in years 5 and 6 at the selected schools in 2 of the areas were invited to participate, and in the third area only Aboriginal and Torres Strait Islander children were invited to ensure an adequate sample from this population. Aboriginal Health Workers (AHWs) (Aboriginal and Torres Strait Islander people who are employed to work with Indigenous communities regarding all aspects of health care) co-ordinated the information and consent process within their communities.
Measures and Data Collection Procedures Height and Weight
Research assistants recorded demographic information for each child including gender, date of birth and Indigenous status. Height and weight were measured and body mass index (BMI) calculated (kg/m 2 ) [21] . This information was used in the assessment of plausibility of the nutrition data.
24-hour Food Recall
Each participant was invited to complete three 24-hour food recalls (including 2 weekdays and 1 weekend day) over an average of a 2-week period. The multiple-pass 24-hour recall method [22] was used by research assistants, including AHWs, who had been trained in the technique by the study research nutritionist. The 24-hour recalls were conducted as face to face interviews with each participant during school time and involved the use of prompts such as food models and food packaging. Information pertaining to the brand, type and weight of each item (for example Dairy Farmers skim milk 250 g) were obtained from respondents.
Physical Activity
Physical activity data were self-reported by the respondents using the Many Rivers Physical Activity Recall Questionnaire (MRPARQ), described elsewhere [23] . This information was used in the assessment of plausibility of the nutrition data.
Aboriginal and Torres Strait Islander children
This study is part of an Aboriginal community-initiated program of research. An Aboriginal and Torres Strait Islander community-controlled governance structure guided the study and AHWs had a high-profile role in the design and implementation of the study. AHWs who lived in the participating communities were employed to: facilitate recruitment of Aboriginal and Torres Strait Islander children, and support their completion of all study procedures; advise on data collection procedures; liaise with schools; take height and weight measurements; administer the 24-hour recalls for all Aboriginal and Torres Strait Islander children; and provide support to families and community as needed.
Ethics approval for the study was provided by the NSW Hunter Area Health Service, the NSW Mid North Coast Area Health Service, the University of Newcastle, the NSW Department of Education and Training and the Aboriginal Health and Medical Research Council of NSW. Parental informed consent and child assent were requirements for participation.
Statistical Methods
Each participant's 24-hour recalls, gender, height and weight data were entered into the nutrient analysis package Foodworks Professional Version 4, using AusNut 1999 as the nutrient database [24] . All data were exported to a Microsoft Access database for cleaning. Statistical analyses were conducted with Statistical Packages for Social Science (SPSS) version 19.0 for height and weight data, and with SAS 9.1 and STATA Version 10 for all other data. Further information was added to the database including: Indigenous status; reported physical activity level (PAL) determined by information obtained from the physical activity survey [23] ; and data obtained from food product labels and manufacturer information to complete the assessment of sodium and folate reflecting more recent changes to the food supply. This information was specific to brand names and also reflected the nutrient composition of fortified food items.
Food Groups
Foods were categorised into food categories, and items were based on questions from a separate short food frequency questionnaire described elsewhere [25] . The categories (most are listed in Additional Tables S3 and  S4 ) were similar to 2007 Australian National Children's Nutrition and Physical Activity Survey categories [26] where possible, or represented common dietary eating habits, such as take-away food consumption.
Establishing Plausibility of Reported Nutrient Intake on Recall Records
The plausibility of participants reported nutrient intake was assessed by using the Goldberg cut-offs [27] for energy intake for their specific reported PAL as described by Black [28] . For participants without weight and/or height data (n = 6), their reported energy intake was compared with the range of reported energy intake of the participants in the corresponding PAL. For participants without physical activity data (n = 18), a lightactivity PAL of 1.6 was assigned and the method described above using Goldbergs cut-offs for energy intake was repeated.
Statistical Analysis
Body Mass Index An analysis of variance was conducted in SPSS to explore differences in mean BMI by gender and Indigenous status (ie whether Aboriginal and Torres Strait Islander or not). Mean daily intake of micro-and macro-nutrients The mean daily energy intake for each participant was calculated as an average of the 3 days of recall. T-tests adjusted for clustering of children within schools (for normally distributed data) and Kruskall-Wallis tests (for non-normally distributed data) were conducted to compare the mean daily nutrient intake and mean percentage contribution of all macro-nutrients to energy by Indigenous status within gender. Linear regression analyses, adjusted for clustering within schools, were conducted with the normally distributed data to examine the difference in each mean daily nutrient intake by Indigenous status adjusted for gender and age. Non-normally distributed data (vitamin A, beta-carotene, folate, vitamin C, calcium and zinc) were assessed using the Friedman's test. For non-parametric analysis, there is no method of adjustment for clustering of children within schools. Therefore, we obtained the design effect in order to estimate the likely impact of clustering on interpretation of the results. Proportion of children not meeting Australian guidelines for mean daily intake of selected nutrients The proportions of participants with mean daily intake of nutrients less than the EAR, less than the adequate intake (AI) for fibre and potassium or greater than the UL for sodium were calculated [29] . Chi-square tests were undertaken to compare these proportions by Indigenous status and by gender. Mantel-Haenszel tests were undertaken to examine proportions by Indigenous status adjusted for gender. The nutrients examined were those judged by the researchers to be of key importance to children's dietary intake, and reflect the nutrients commonly included in front-of-pack labelling of food products. Highest ranked food categories and food items contributing to energy and selected nutrients The total weight of each food category (for example 'breads') and item (for example 'white bread'), and their total constituent micro-and macro-nutrients were calculated by Indigenous status. The 'take-away food' category does not include the items of sugary drinks, hot chips, or chicken as these have their own separate categories. The take-away foods included mostly pizza and burgers, as well as spring rolls/dim sims and quiche. Mixed food items were each allocated a proportion, which was then included in the relevant recall food group calculations for weight and frequency. Each food group category was then ranked according to its percent contribution to total energy, fat, saturated fat, sugar, sodium and fibre. Linear regression, adjusted for clustering of children within schools, was conducted to compare the mean percent contribution of energy dense nutrient poor (EDNP) foods to energy by Indigenous status and gender. Daily per capita weight and weight per eating occasion of each food category were calculated. Food items were ranked according to their contribution by weight to the food categories. The per capita and per eating occasion weight of all food categories (and the weight of the highest ranked food item within) contributing to the above nutrients were then reported by Indigenous status. The percent contribution of EDNP food categories to energy were reported by Indigenous status within gender.
Sample Size
A 5% significance level was assumed, as was 80% power, a design effect of 1.5 for clustering of children within schools, and that approximately half of participants would be Aboriginal and Torres Strait Islander. With 250 children the study would be able to detect differences in nutrient intake between groups (by gender and Indigenous status) of approximately 0.5 of a standard deviation, and between Aboriginal and Torres Strait Islander and non-Indigenous children within each gender of 0.8 of a standard deviation.
Results
All 11 schools approached agreed to participate, yielding a total of 219 Aboriginal and Torres Strait Islander and 562 non-Indigenous children. The final study population comprised 259 children, a response rate of 47% (n = 102) of Aboriginal and Torres Strait Islander children and 28% (n = 157) of non-Indigenous children. Of these, 256 children completed at least one 24-hour recall, and 215 children completed three 24-hour recalls each (including one weekend day) and were included in the analysis (Refer to Figure 1 ).
Body Mass Index
No statistically significant differences in BMI were found by Indigenous status for all children or by Indigenous status within gender (Table 1) .
Mean Nutrient Intake
Mean nutrient intake for Aboriginal and Torres Strait Islander boys was statistically significantly higher than for non-Indigenous boys for energy, total fat, monounsaturated fat, carbohydrate, sugars, starches, fibre and sodium (Table 2) . Except for fibre (p = 0.05), these differences were maintained by Indigenous status when adjusted for age, gender and clustering within schools. Mean intake of saturated fatty acids (p = 0.02), magnesium (p = 0.02) and potassium (p = 0.04) became statistically significantly higher for Aboriginal and Torres Strait Islander children compared with their non-Indigenous counterparts when Indigenous status was adjusted for age, gender and clustering within schools [see Additional File 1, Table S1 for all results].
Percent Contributions of Macro-Nutrients to Energy
The mean percentage contribution of macronutrients to energy intake for Aboriginal and Torres Strait Islander children was generally similar to that of their non-Indigenous counterparts for both boys and girls (Table 3) . Saturated fatty acid contribution to energy was approximately 15% for all children.
Proportion of Children Meeting Australian Nutrient Reference Values for Nutrient Intake
Many children did not meet the Australian Nutrient Reference Values (NRVs) for nutrient intake for fibre, sodium, potassium and calcium (at age 12-13 years; this increased with age) (Table 4 ). Statistically significant differences in proportions meeting NRVs by gender were apparent for fibre (boys > girls), and phosphorus, magnesium and folate (girls > boys). No differences were found by Indigenous status alone [see Additional File 2, Table S2 for all results].
Foods Contributing to Nutrients
Many of the top 5 food categories contributing to energy, fat, saturated fat, sugar, sodium and fibre for all children were EDNP or poorer choice foods (Figures 2, 3, 4 , 5, 6, and 7). Aboriginal and Torres Strait Islander girls consumed less per capita of vegetables and fruit, and Aboriginal and Torres Strait Islander boys in particular consumed more per capita of take-away meals, hot chips, potato crisps, fruit juice, and bread (Table 5) . Regardless of gender Aboriginal and Torres Strait Islander children consumed notably more of soft drinks/cordial/sports drinks which were the greatest per capita contributors to daily food intake for all children [see Additional Files 3 and 4, Tables S3 and S4 for all results which also include the highest ranked food item within food category].
The highest ranked food category contributing to energy was bread (Figure 2 ) for all children, with white bread the highest ranking food item within this category at about 92% of consumption occasions (data not shown). EDNP foods contributed between 45% and 49% to energy for all (Table 6 ) [see Additional File 5, Table  S5 for complete definition of each food category].
The contribution of take-away foods and potato crisps/ salty snacks was significantly higher among Aboriginal and Torres Strait Islander boys (p = 0.01) and girls (p = 0.04) respectively when compared with their non-Indigenous counterparts. Of the five highest ranking food categories contributing to fibre (Figure 7 ) for Aboriginal and Torres Strait Islander children, three are EDNP or poorer choice foods, and the percent contribution of fruit (8%) is lower than for non-Indigenous children (12%).
Aboriginal and Torres Strait Islander children consumed less sweet biscuits/cakes/muffins than their counterparts regardless of gender.
Discussion
This study is one of very few internationally to comprehensively examine the food and nutrient intake of either Indigenous children or of children from disadvantaged rural regions generally. Aboriginal and Torres Strait Islander boys in this cohort demonstrate a statistically significantly higher intake of energy, most macro-nutrients and sodium when compared with non-Indigenous boys, a magnitude of difference not apparent in girls. The saturated fat mean percent contribution to energy is high for all children at about 5% above the Australian recommended range [29] and about 1.6% above the contributions found in other recent studies of children and adolescents [26, 30, 31] , with intakes significantly higher for Aboriginal and Torres Strait Islander children than for their non-Indigenous counterparts. More than 70% of children consumed less than the EAR for fibre and calcium (at age 12-13 years) with these proportions being greater than for national data [26] . Seventy percent and higher consumed more than the UL for sodium and mean intake was similar to national data for Aboriginal and Torres Strait Islander boys (2934.5 mg) and all girls (2334.5 mg). The proportions of girls not meeting EAR for folate and magnesium, is three times that of the national population [26] . These results are consistent with international studies of children from low socio-economic regions [32] [33] [34] . There is an association between poor dietary intake of these nutrients and the development of cancer, cardiovascular disease, type 2 diabetes, other chronic diseases and neural tube defects [31, [35] [36] [37] [38] , all of which occur at higher rates in Aboriginal and Torres Strait Islander communities [2, 3] .
Intakes of EDNP foods are excessive for all children, with contributions to daily energy intake substantially greater than Australian recommendations (14-17%) [39] for children aged 2 to 18 years [40] , and than those of the only recent national study of EDNP food intake for children aged 9 to 13 years (38%) [41] . Some caution needs to be exercised when comparing results across studies as definitions of EDNP foods vary [42] . Compared with national data at 9-13 years of age [26] mean daily energy intake in this study is slightly lower for boys overall at 8885.3 kJ compared with 9645.8 kJ, however is similar for Aboriginal and Torres Strait Islander boys (9689.8 kJ). Girls mean energy intake is comparable at 8176.4 kJ overall compared with 8166.6 kJ in the national study. Difference may be due to different methods, with the data for the national study being obtained from two 24 hour recall compared with the three administered in this study.
White bread is the highest ranked food item in the top food category (bread) contributing to energy. Although bread is a 'core food' [40] . more nutrient-dense versions of this very common food item would be preferable [43] given the study population's poor dietary profile and the consequent proportions of children not meeting NRVs for many nutrients.
Higher intakes of EDNP and poorer choice foods, energy, carbohydrate, total fat and saturated fatty acids amongst Aboriginal and Torres Strait Islander boys in particular, and lower intakes of fruit and vegetables amongst Aboriginal and Torres Strait Islander girls compared with their non-Indigenous counterparts is apparent and of clinical importance. These findings are similar to international studies [44] [45] [46] [47] [48] . The significantly higher macro-nutrient intake of Aboriginal and Torres Strait Islander boys compared with non-Indigenous boys in our study appears to be driven by their higher consumption levels of EDNP and poorer choice foods. Aboriginal and Torres Strait Islander children who participated in this study have been shown to have a tendency to be more active than their non-Indigenous counterparts, with boys more active than girls [23] . This is likely to result in higher energy requirements and the purchase of EDNP or poorer choice foods is an affordable option to satisfy children's hunger in financially stressed communities [13, 14] .
Aboriginal and Torres Strait Islander children demonstrate a greater mean daily per capita intake compared with national data in the following food categories: soft/ sports drinks/cordials (457 g [41] , with these differences not apparent among nonIndigenous children. The high contribution of the latter two foods to energy for Aboriginal and Torres Strait Islander children is about twice that for national data, [41] and for hot chips this difference is similar to findings from a Canadian study [45] . The greater daily per capita intake and percent contribution to energy of soft/ sports drinks/cordials by Aboriginal and Torres Strait Islander children compared with national data (about 6.7% compared with 5.4%) [41] is probably an underestimate of difference as, unlike the national data, we were unable to include 'fruit drink' (as different from 'fruit juice') in our calculations of sugary drinks. The higher consumption levels among Aboriginal and Torres Strait Islander children (about 1 4/5 cups/day) compared with non-Indigenous children (about 1 to 1 1/5 cups/ day) shown in this study are concerning. This is particularly so given the significant association between high intakes (1 to 2 cups/day) of sugary drinks and the development of metabolic syndrome and Type 2 diabetes in adults [49] , both of which occur at much higher rates in Australian Aboriginal and Torres Strait Islander than non-Indigenous communities [3] . The lower consumption levels of sweet biscuits/cakes/muffins by Aboriginal and Torres Strait Islander children may be due to differences in disposable income and/or preference.
Fruit and vegetable (mostly mashed potato) intake is low for all children compared with a national survey [26] and appears lower for Aboriginal and Torres Strait Islander girls than for their non-Indigenous counterparts. Overall these findings align with those from national and state reports [50, 51] .
There are many factors which may impact on the poor dietary profile of children in this study including: convincing evidence that families under financial stress are unable to afford healthy foods [13, 14] , and that numerous environmental attributes (for example higher proportion of 'fast food' outlets in disadvantaged areas) create a more risky environment for low socio-economic families [52] . These factors have been reported by community focus groups conducted as part of our broader program of research [11] .
In the context of the poorer health status and higher levels of disadvantage experienced by Aboriginal and Torres Strait Islander communities in Australia, the differences in key food and nutrient intake found in this study are important to note and warrant further investigation. A selection bias may exist in this study with relatively low and differential participation rates, the latter possibly a result of the support provided to Aboriginal and Torres Strait Islander communities by AHWs in the recruitment stage. The low participation rate of non-Indigenous children may reflect a bias towards families with better health habits, thereby leading to a falsely high difference between Aboriginal and Torres Strait Islander and non-Indigenous children. Never the less, both groups fare poorly compared with Australian NRV's, suggesting that the poor nutrient intakes documented in this study are likely understated, ie biased towards the null. The sample size limits power to detect differences when comparing proportions meeting NRVs. There is also the possibility of a differential Hawthorne effect, with Aboriginal and Torres Strait Islander children potentially over-or under-reporting due to involvement of their local communities and AHWs. However, we believe that the involvement of the Aboriginal and Torres Strait Islander community addressed a pre-existing inequity where Aboriginal and Torres Strait Islander children, due to a lack of appropriate cultural support, may have under-reported in other dietary assessments devised and supervised by the dominant culture, and been reluctant to participate in studies.
The 24-hour recall method relies on child self-report which has been shown to be as reliable as parental report by age 10 years, although there may be some difficulties in quantifying portion size at this age [53] . Recall may be influenced by the retention interval, interview format, prompts used, and correlates such as gender, BMI, and age [54] . To mitigate against this we have used the mean of 3 24-hour recalls, thus providing more robust data from this method, which may be more appropriate to use cross-culturally and with low-income participants [55] as well as with those who may be cautious about engaging in a study or for whom literacy is an issue [56] . Data were collected from children in three coastal areas and in one season during the year, and this may limit the generalisability of the findings. In addition, at the time of data entry, the latest version of the AusNut (2007) was not available, and so we used the older (1999) version, with some additions for the two key nutrients known to have changed in the food supply. However, it is possible that some other nutrients also changed in that period, and this may further limit comparisons to nutrient data provided by more recent surveys, such as the 2007 Children's Survey. However, the comparisons by foods and food groups are still possible, without concern for this potential limitation. 
Conclusions
All rural children in this disadvantaged population showed high intake levels of energy-dense and/or nutrient-poor foods and substantial proportions consumed less than EAR for important nutrients. Targeted intervention strategies need to be developed to address rural children's high consumption of white bread, processed meats, hot chips, soft drink and salty snacks, as well as these foods ready availability. Differences in intake by Indigenous status need further investigation particularly for Aboriginal and Torres Strait Islander boys, as do differences in nutrient intake and contributions of EDNP foods to key nutrients in the context of disadvantage, financial stress, and current health status experienced by Australia's Indigenous people. These findings are cause for concern for the wellbeing of Aboriginal and Torres Strait Islander children, who will continue to be at a higher risk than their non-Indigenous counterparts of developing chronic diseases such as diabetes as they become older.
